The parasitic protozoon Toxoplasma gondii is the etiologic agent of toxoplasmosis, a parasitic disease widespread among various warm-blooded animals, including humans. Infection with T. gondii is quite common in humans (as much as 60% of the population in the United States is seropositive) but is asymptomatic in the general population. In contrast, the disease represents a major health problem for immunocompromised individuals, such as AIDS patients, and the unborn children of infected mothers (15, 22, 25) . Toxoplasmic encephalitis has become the most common cause of intracerebral mass lesions in AIDS patients and possibly the most commonly recognized opportunistic infection of the central nervous system (15, 22) . The incidence of congenital toxoplasmosis is as high as 1 in 1,000 live births, and this disease causes blindness, psychomotor or mental retardation, severe brain damage, or even death of infected children (22) . In spite of the tragic consequences of toxoplasmosis, the therapy of the disease has not changed in the last 20 years. The efficacy of the current therapy for toxoplasmosis (a combination of pyrimethamine and sulfadiazine) is limited, primarily by serious host toxicity and ineffectiveness against tissue cysts (15, 22, 25, 27) . Furthermore, as many as 50% of patients do not respond to therapy (15) . Other therapies, e.g., clindamycin or atovaquone, have met with limited success, particularly in the long-term management of these patients. Hence, there is a continuing need to develop new and effective drugs for the treatment and longterm management of toxoplasmosis.
The rational design of a drug is usually based on biochemical and physiological differences between pathogens and the host. Some of the most striking differences between toxoplasmas and their mammalian host are the characteristics of the enzyme adenosine kinase (EC 2.7.1.20) and its role in the salvage of adenosine in these parasites. The adenosine kinase reaction ( Fig. 1) is the main route of adenosine metabolism in T. gondii (14, 20) . It has also been reported that adenosine kinase activity is 10-fold higher than that of hypoxanthine-guanine-xanthine phosphoribosyltransferase (HGXPRT) (EC 2.4.2.8), the next most active enzyme in the purine salvage pathways in toxoplasmas (14) . These differences result in the preferential incorporation of adenosine into adenine nucleotides by a rate at least 10-fold higher than that of any other purine precursor tested (14) . This situation contrasts sharply with that in most mammalian cells, where adenosine is predominantly deaminated by adenosine deaminase (EC 3.5.4.4) to inosine, which is then cleaved to hypoxanthine by purine nucleoside phosphorylase (EC 2.4.2.1) (Fig. 1) . Neither of these two enzymes is significantly active in toxoplasmas (14) . The high level of activity of adenosine kinase along with the unique metabolism of adenosine in toxoplasmas make adenosine kinase an excellent target for chemotherapy. However, deficiency of adenosine kinase is not lethal to the parasites, indicating that inhibition of the enzyme will not lead to toxicity in toxoplasmas (20) . Therefore, we have recently carried out a search to identify adenosine analogues that can be used as "subversive" substrates and activated to toxic nucleotides selectively by T. gondii but not host adenosine kinase (12) . Preferential metabolism of such substrates to toxic nucleotides in the parasites should lead to selective toxicity against toxoplasmas. NBMPR {nitrobenzylthioinosine or 6-[(4-nitrobenzyl)thio]-9-␤-D-ribofuranosylpurine} and various 6-substituted 9-␤-D-ribofuranosylpurines were found to be among the best ligands for binding to T. gondii adenosine kinase (12) . This finding was quite unusual, since the compounds are not known to be active ligands of adenosine kinase from other species. This unexpected finding prompted us to study the metabolic fate of NBMPR. We report here that, unlike their mammalian host, T. gondii can phosphorylate NBMPR to the nucleotide level via adenosine kinase and are also capable of cleaving this nucleoside to its nucleobase, nitrobenzylmercaptopurine (NBMP). Because of this unique and previously unknown metabolism of NBMPR, NBMPR and certain related 6-substituted 9-␤-Dribofuranosylpurines were tested and showed selective toxicity against T. gondii grown in cultures.
(A preliminary report of this work has been presented previously [9] .)
MATERIALS AND METHODS

Chemicals. [G-
3 H]NBMPR (36 Ci/mmol), [5, H]uracil (38 Ci/mol), [8- 14 C]adenosine (55 Ci/mol), and [8-14 C]hypoxanthine (55 Ci/mol) were purchased from Moravek Biochemicals, Brea, Calif. 5-Iodotubercidin was purchased from Research Biochemicals, Natick, Mass. NBMPR 5Ј-monophosphate (NBMPR-P), N 6 -benzyladenosine, and N 6 -(p-azidobenzyl)adenosine were generously provided by A. R. P. Paterson, University of Alberta, Edmonton, Alberta, Canada. Silica Gel G and cellulose thin-layer chromatography (TLC) Polygram plates were obtained from Fisher Scientific (Pittsburgh, Pa.). Bovine gamma globulin and dye reagent for protein assays were obtained from Bio-Rad Laboratories (Richmond, Calif.). All other chemicals and compounds were obtained from the Drug Synthesis and Chemistry Branch, Developmental Therapeutic Program, National Cancer Institute; Sigma Chemical Co., St. Louis, Mo.; or Fisher Scientific.
Sources of T. gondii and tissues. Wild-type strain RH is maintained in our laboratory. The adenosine kinase-deficient mutant Ara-A R (20) and the HGXPRT-deficient mutant Thx R-1 (21) of T. gondii were provided by courtesy of E. R. Pfefferkorn, Dartmouth Medical School, Hanover, N.H. Murine tissues were obtained from female CD-1 mice (Charles River Laboratories), and human liver tissue was obtained from the Tissue Procurement Facility, Comprehensive Cancer Center, University of Alabama at Birmingham.
Maintenance of T. gondii.
The three strains of T. gondii were propagated by intraperitoneal passage in female CD-1 mice (20 to 25 g). Mice were injected intraperitoneally with an inoculum of 10 6 cells of T. gondii contained in 0.2 ml of sterile phosphate-buffered saline (PBS) (pH 7.2) and were sacrificed after 2 to 3 days by inhalation of ether. The parasites were harvested from the peritoneal cavity by injection, aspiration, and reinjection of 3 to 5 ml of PBS (two or three times). The peritoneal fluid was examined microscopically to determine the concentration of T. gondii and to ascertain the extent of contamination by host cells. Two-day transfers generally produce parasite preparations that contain very little contamination and have a viability of Ͼ95%.
When T. gondii was used for in vitro incorporation studies, the procedure was performed aseptically, and the parasites were washed and resuspended in Dulbecco's modified Eagle medium (GIBCO BRL) containing 100 U of penicillin G per ml, 100 g of streptomycin sulfate per ml, and 3% fetal bovine serum (FBS) (HyClone Laboratories, Logan, Utah). For the purpose of enzyme studies, to ascertain the purity of T. gondii for enzyme isolation and purification, the parasites were purified from host cells and debris by coagulating the host cells by the addition of 50 l of phytohemagglutinin P (Difco) to a suspension of parasites in 5 ml of medium, shaking slowly for 15 min, and filtering slowly through a 5-m-pore-size Nuclepore polycarbonate filter (Costar, Cambridge, Mass.). Using the trypan blue exclusion method, and counting cells with a hemacytometer, these procedures produced parasite preparations that were Ͼ99% pure. The parasites were pelleted by centrifugation, washed twice with PBS, and resuspended in 1 ml of the homogenization buffer described below.
Preparation of enzyme extracts. Enzyme extracts from parasites or tissues were prepared by homogenizing the parasites or tissues in 3 volumes of ice-cold 50 mM Tris-Cl (pH 7.4) by use of a Brinkmann Instruments Polytron homogenizer fitted with a microprobe. The homogenate was centrifuged at 105,000 ϫ g for 1 h, and the supernatant was collected and used as the source of enzyme.
Enzyme assays. Assays were run under conditions where activity was linear with time and enzyme concentration. Adenosine kinase activity was determined by monitoring the formation of radiolabeled nucleotides and nucleobases from their respective nucleosides (adenosine or NBMPR). The assay mixtures contained 50 mM Tris-Cl (pH 7.4), 2.5 mM ATP, 5 mM MgCl 2 , 5 mM creatine phosphate, creatine kinase, 50
14 C]adenosine (55 Ci/mol), and 50 l of enzyme extract in a final volume of 100 l. When adenosine was used as a substrate, 5 M deoxycoformycin, a specific inhibitor of adenosine deaminase, was added to inhibit any adenosine deaminase present. Incubation was carried out at 37°C and terminated by boiling in a water bath for 2 min followed by freezing for at least 20 min. Precipitated Protein determinations. Protein concentrations were determined by the method of Bradford (2) with a Bio-Rad protein assay kit and bovine gamma globulin as a standard.
Enzymatic synthesis and isolation of [G-3 H]NBMP. [G-
3 H]NBMP (36 Ci/ mol) was synthesized enzymatically from NBMPR (36 Ci/mmol) by using T. gondii cytosolic extract. The reaction mixture contained 50 mM Tris-Cl (pH 7.4), 27.9 M [G-
3 H]NBMPR (36 Ci/mmol), and 500 l of enzyme extract in a final volume of 750 l. Incubation was carried out overnight at 37°C and terminated by boiling in a water bath for 2 min followed by freezing for at least 20 min. The assay mixture was deproteinized, and [G-3 H]NBMP was isolated from the supernatant by high-pressure liquid chromatography (HPLC) as described below.
Preparation of samples for HPLC analysis. When the enzyme assay mixtures for measuring NBMPR metabolism were analyzed by HPLC, they were deproteinized with 2 volumes of 15% trichloroacetic acid. After centrifugation (16,000 ϫ g, 4°C) for 5 min, the acid-soluble supernatant material was neutralized by extraction with a 1:2 mixture of tri-n-octylamine in Freon (1,1,2-trichlorotrifluoroethane). The neutralized supernatant was filtered through a Gelman Acrodisc LC 13 0.2-m-pore-size polyvinylidene difluoride filter prior to HPLC analysis.
HPLC analysis. The HPLC analysis was performed with two Hypersil C 18 reverse-phase columns (25 by 0.4 cm, octyldecyl silane, 5 m) (Jones Chromatography, Littleton, Colo.) in tandem on a computer-controlled Hewlett-Packard 1050 HPLC system with an autosampler, a quaternary pump, and a multiplewavelength diode-array-based triple-channel UV monitor. Elution was performed stepwise with two mobile phases: 50 mM ammonium acetate in 0.5% acetonitrile (pH 4.8) (buffer A) and 50 mM ammonium acetate in 60% acetonitrile (pH 4.8) (buffer B). A 25-l sample was injected. Elution was carried out with buffer A for 10 min, followed by a 120-min linear gradient to 60% buffer B and then a 10-min isocratic elution with 40% buffer A-60% buffer B. The flow rate was 1 ml/min, except that from 5 to 10 min and 120 to 132 min it was 0.5 ml/min. The eluent was monitored at 254 nm and max of NBMPR (289 nm). Under these conditions, NBMPR-P eluted at 86 to 87 min, NBMPR eluted at 102 to 103 min, and NBMP eluted at 106 to 107 min. The authenticity of NBMPR-P was verified by coelution with an authentic sample and by the retention time. The authenticity of NBMP was deduced from studies performed on an API III triple-quadrupole Perkin-Elmer SCIEX LC/MS/MS mass spectrometer.
Mass spectrometry analysis. NBMP was further purified and separated by reverse-phase HPLC on an Aquapore C 8 column (100 by 2.1 mm) with a 0 to 50% acetonitrile gradient in aqueous 10 mM ammonium acetate at a flow rate of 0.2 ml/min (5% per min). The eluent was split 1:1, with 100 l/min going to the electrospray interface. Positive-and negative-ion mass spectra were recorded in this mode. The LC/MS/MS analysis of NBMP produced a molecular weight of 287, the proper molecular weight of NBMP.
Incorporation of radiolabeled uracil. The uptake and incorporation of radiolabeled uracil into nucleic acids of T. gondii were carried out, at least in triplicate, in tissue cultures of monolayers of human foreskin fibroblasts cultured for no more than 30 passages in Dulbecco's modified Eagle medium and infected with T. gondii. Briefly, confluent cells (4 to 5 days of incubation) were cultured for 24 h in 24-well flat-bottom microtiter plates (ϳ5 ϫ 10 5 /ml/well) and incubated at 37°C in 5% CO 2 -95% air to allow the cells to attach. The medium was then removed, and the cells were infected with isolated T. gondii in medium containing 3% FBS (one parasite/cell). After 1 h of incubation, the cultures were washed with medium containing 10% FBS to remove extracellular parasites. FBS was maintained at a final concentration of 10%. The purine analogue under study was then added to cultures of the parasite-infected cells to yield a final concentration of 0, 5, 10, 25, or 50 M. Drugs were dissolved in 50% ethanol to yield a final concentration of 2.5% ethanol when added to the wells. After an additional 18 h of incubation, the medium was replaced with 1 ml of drug-free medium containing [5,6- 3 H]uracil (2 Ci/ml); incubation was continued for another 6 h, after which the medium was removed. The fibroblasts were released from the wells by trypsinization with the addition of 200 l of trypsin-EDTA (2.5ϫ) to each well. After 10 min of incubation, 1 ml of ice-cold 10% trichloroacetic acid was added to each well. The plates were shaken to ensure the detachment of the cells. The suspended contents of each well were filtered through GF/A 2.4-cm glass microfiber filters (Whatman, Hillsboro, Oreg.) which were each prewashed with 1 ml of double-distilled H 2 O and dried. After filtration, the filters were washed with 10 ml of methanol, allowed to dry, and then placed in scintillation vials containing 5 ml of Econo-Safe scintillation fluor (Research Products International Corp., Mount Prospect, Ill.); radioactivity was counted with an LS5801 Beckman scintillation counter. When possible, the concentration of analogue required to inhibit parasite replication by 50% (IC 50 ) was calculated from dose-response plots of percent inhibition versus the log of the analogue concentration.
Host cell toxicity. The toxicity of the various analogues was determined at least in triplicate by use of a modification of the microculture tetrazolium test (MTT) in uninfected monolayers of human foreskin fibroblasts. Briefly, confluent cells were incubated for at least 24 h in 96-well flat-bottom microtiter plates (ϳ10 5 / 200 l/well) at 37°C in 5% CO 2 -95% air to allow the cells to attach. The medium was then replaced with 200 l of fresh medium. The appropriate concentration of the compounds was dissolved in 50 l of medium, and the solution was added to each well to yield a final concentration of 0, 5, 10, 25, or 50 M. The cultures were incubated for 48 h, after which 50 l of sterile MTT solution (2 mg/ml of PBS) was added to each well. MTT solution was sterilized by filtration through 0.22-m-pore-size filters (Costar). After 4 h of incubation, the medium was removed, 100 l of dimethyl sulfoxide was added to each well, and the plates were shaken gently for 2 to 3 min to dissolve the formed formazan crystals. The absorbance was measured at 540 nm with a computerized microtiter plate reader (Themomax; Molecular Devices). Table 1 shows that the enzyme extract from wild-type T. gondii, unlike that from mouse spleen, is capable of converting NBMPR to its nucleoside 5Ј-monophosphate, NBMPR-P, and its nucleobase, NBMP. The formation of these metabolites increased with incubation time. The authenticity of the nucleotide and nucleobase formed was verified by HPLC and LC/ MS/MS analyses as described in Materials and Methods.
RESULTS AND DISCUSSION
The observed formation of NBMPR-P from NBMPR could be achieved by direct phosphorylation (i.e., NBMPR to NBMPR-P) via adenosine kinase (Fig. 1) , which is the only purine nucleoside kinase in toxoplasmas (14) . Alternatively, NBMPR-P could be formed indirectly via the formation of its (Fig. 1) . Therefore, to determine by which route NBMPR-P is synthesized, we performed enzyme studies with various alternative natural substrates as well as specific inhibitors of the key enzymes which could be involved in the metabolism of NBMPR (Fig. 1) . The results shown in Table 2 indicate that the phosphorylation of NBMPR to NBMPR-P by T. gondii was inhibited by adenosine, the substrate of adenosine kinase. Inosine, a very poor substrate of adenosine kinase, had a minimal effect on the phosphorylation of NBMP, while adenine and hypoxanthine, substrates of the phosphoribosyltransferase reaction, had no effect on the phosphorylation of NBMPR, even at concentrations as high as 1 mM (data not shown). Furthermore, as discussed below, NBMPR was not phosphorylated to NBMPR-P when ATP (the cosubstrate of the kinase reaction) was replaced with PRPP (the cosubstrate of the phosphoribosyltransferase reaction). These results indicate that, under these experimental conditions, adenosine kinase is the enzyme responsible for the phosphorylation of NBMPR and that HGXPRT has a minimal effect or no effect on the formation of NBMPR-P from NBMPR. To further corroborate these results and examine the specificity of this reaction, the effects of NBMPR, iodotubercidin (a specific inhibitor of adenosine kinase), formycin A (a specific inhibitor of 5Ј-methylthioadenosine phosphorylase [EC 2.4.2.28]), and 8-aminoguanosine (a specific inhibitor of purine nucleoside phosphorylase) on the phosphorylation of adenosine were investigated with different enzyme sources. The results shown in Table 3 demonstrate that NBMPR reduced the phosphorylation of adenosine in T. gondii but not in human or mouse liver. Iodotubercidin, the adenosine kinase inhibitor, inhibited the phosphorylation of adenosine by extracts from all three tissues (Table 3) as well as the phosphorylation of NBMPR in T. gondii (Table 4) . These results indicate that adenosine and NBMPR are substrates for the same enzyme, adenosine kinase. On the other hand, Tables 3 and 4 show that formycin A and 8-aminoguanosine, the inhibitors of 5Ј-methylthioadenosine phosphorylase and purine nucleoside phosphorylase, respectively, the only two known purine nucleoside phosphorylases which could be responsible for the phosphorolysis of NBMPR to its nucleobase NBMP, had no effect on the phosphorylation of adenosine or NBMPR by extracts from T. gondii, human liver, or mouse liver. These results indicate that the phosphorolysis pathway is insignificant in the synthesis of NBMPR-P from NBMPR. These results also indicate that T. gondii but not mammalian adenosine kinase is involved in the phosphorylation of NBMPR to NBMPR-P.
To further verify the conclusions drawn above, the phosphorylation of NBMPR, adenosine, hypoxanthine, and NBMP was tested with extracts from wild-type strain RH and from mutants deficient in adenosine kinase (Ara-A R ) (20) and HGXPRT (Thx R-1 ) (21). Table 5 shows that only the wild-type (RH) and HGXPRT-deficient (Thx R-1 ) strains, which have adenosine kinase, can phosphorylate adenosine or NBMPR to their respective nucleoside 5Ј-monophosphates. Extracts from the adenosine kinase-deficient mutant (Ara-A R ) had no activity with either substrate. Furthermore, the phosphorylation of adenosine or NBMPR can take place only in the presence of ATP, the cosubstrate of the adenosine kinase reaction, and not PRPP, the cosubstrate of the HGXPRT reaction. Furthermore, in spite of the fact that wild-type RH and adenosine kinase-deficient mutant Ara-A R contain HGXPRT, as evidenced by their ability to convert hypoxanthine in the presence of PRPP to IMP, neither was capable of converting NBMP to NBMPR-P. These results indicate further that adenosine kinase is a major route for the conversion of NBMPR to NBMPR-P in toxoplasmas.
To investigate what effect such a unique metabolism of NBMPR would have on T. gondii, the effect of NBMPR on the survival of T. gondii grown in human fibroblasts was studied. Five days of incubation in the presence of 100 M NBMPR decreased the number of toxoplasma plaques in human fibroblasts from 21 Ϯ 3.5 to 3 Ϯ 1.4. The effect of NBMPR on the growth of toxoplasmas was also studied by uracil uptake assays. Uracil uptake assays are highly specific for T. gondii, as mammalian cells do not incorporate uracil into their nucleoside and nucleotide pools or nucleic acids (19 and our own results). Therefore, an exponential increase in radiolabel incorporation closely correlates with the exponential growth of the parasites (19) . Using this method, we found that the growth of toxoplasmas was inhibited by NBMPR and NBMPR-P and that the inhibition was dose dependent (Table 6 ). On the other hand, NBMPR and NBMPR-P had no significant toxic effect on the survival of uninfected host cells (Table 7) . These results indicate that NBMPR and NBMPR-P are selectively toxic to T. gondii-infected cells and therefore are promising therapeutic agents against toxoplasmosis. Indeed, our preliminary results indicate that the administration of NBMPR-P increased the life span of mice infected with the virulent RH toxoplasma strain from 6 to 8 days. Refining the model (e.g., different doses, schedules, and appropriate toxoplasma strains other than the exceptionally virulent RH strain) may produce better results.
Because of the promising potential of NBMPR in the treatment of toxoplasmosis, several other related 6-substituted 9-␤-D-ribofuranosylpurines which were previously identified as good ligands of T. gondii adenosine kinase (12) were tested as antitoxoplasma agents and compared with the standard chemotherapeutic agents for the treatment of toxoplasmosis (sulfadiazine and pyrimethamine). Among the analogues tested, 6-benzylthioinosine, p-nitrobenzyl-6-selenopurine riboside, N 6 -benzyladenosine, N 6 -(p-azidobenzyl)adenosine, and N 6 -(p-nitrobenzyl)adenosine were promising (Tables 6 and 7 ). These five compounds were comparable or better agents than the prototype drug NBMPR and sulfadiazine or pyrimethamine, the standard chemotherapeutic agent for the treatment of toxoplasmosis (Table 6) . However, N 6 -(benzyl)adenosine, unlike the other four compounds, was substantially toxic to uninfected host cells at therapeutic doses (Table 7) . Therefore, N 6 -benzyladenosine is not suitable as an antitoxoplasmosis agent. Whether or not these active analogues are metabolized and exert their toxicity in the same manner as NBMPR remains to be determined. Previous experience dictates that similar analogues may not be metabolized in the same fashion in spite of the similarity in their structures (5) .
How NBMPR or NBMPR-P enters toxoplasma-infected cells to exert its selective toxicity remains to be determined. NBMPR and NBMPR-P have been extensively investigated as inhibitors of nucleoside transport in mammalian cells. Nevertheless, none of these studies, to our knowledge, has demonstrated that NBMPR or NBMPR-P enters the cytoplasm of or is metabolized by uninfected mammalian cells. The mammalian cell membrane has tightly restricted permeability. Nucleosides, but not nucleotides, are transported into mammalian cells by specific nucleoside transporters, for some of which NBMPR is an inhibitor. In infected cells, toxoplasmas reside within specialized membrane-surrounded vacuoles known as parasitophorous vacuoles. The parasitophorous vacuole membrane acts as a molecular sieve, allowing bidirectional equili- brated diffusion of small molecules (Ͻ1,300 daltons), including nucleosides and nucleotides, between the vacuolar space and the host cell cytoplasm (17, 23 , and references therein). Infection was shown to alter the permeation and metabolism of purines as well as nucleoside transport specificity in host cells (10, 11, 26) . Cells infected by other protozoa were reported to transport nucleosides which could not be transported before infection (26) . Such alterations in nucleoside transport of infected cells could be due to the presence of "metabolic windows" or "ducts" by which intracellular parasites can obtain purines without any access via the host cell cytoplasm or membrane (26) . Whatever the mechanism of altered permeability to nucleosides and nucleotides in T. gondii-infected cells, which is beyond the scope of the current study, the fact remains that preferential uptake and metabolism of toxic nucleosides selectively kill parasite-infected cells, while normal, uninfected cells are spared such toxicity, as observed in the present investigation.
In this regard, it should be noted that during our studies with NBMPR as an adjunct in the chemotherapy of schistosomiasis with purine analogues (3, 4, 6-8), we administered NBMPR at 25 mg/kg of body weight/day for up to 3 weeks without apparent host toxicity (3, 4, (6) (7) (8) . Such doses of NBMPR were judged nontoxic to the animals by blood chemistry, hematological studies, and gross and histological examinations (7) . No evidence for injury to the liver, kidneys, spleen, pancreas, mesentery, or peritoneal mesothelium was observed. Furthermore, the administration of NBMPR at the highest dose tested (100 mg/kg) showed no host cell toxicity (13) . Therefore, it can be stated that the administration of NBMPR is safe at least up to the highest dose tested (100 mg/kg). Whether or not the other identified antitoxoplasmic purine analogues, 6-benzylthioinosine, p-nitrobenzyl-6-selenopurine riboside, N 6 -(p-azidobenzyl)adenosine, and N 6 -(p-nitrobenzyl)adenosine, are safe for in vivo administration, as was demonstrated in vitro, remains to be tested.
In conclusion, we discovered that NBMPR is selectively metabolized by T. gondii. The unique and previously unknown phosphorylation of this nucleoside analogue by T. gondii adenosine kinase appears to be a major reason for its selective toxicity against this parasite. Further studies on T. gondii adenosine kinase not only may contribute to the general knowledge of purine metabolism in this parasite but also may reveal potential drugs for the treatment of toxoplasmosis. Such studies may also benefit the development of drugs for other parasitic pathogens. Several purine analogues (e.g., pyrazolopyrimidines) were shown to be phosphorylated selectively by adenosine kinase from other animal-parasitic protozoa (16) . Therefore, it is not unreasonable to assume that a similar situation may exist for other human pathogens. 
